trial, the SYNTAX score was useful in risk stratifying patients with complex coronary artery disease. The reproducibility of this score may affect its clinical utility. We therefore assessed SYNTAX score interobserver and intraobserver variability among a group of interventional cardiologists (ICs) and an experienced group of angiographic core laboratory (ACL) technicians. Methods and Results-After basic training from the SYNTAX score website, 3 ICs and 4 ACL technicians, each working independently, assessed the SYNTAX score of 30 multivessel disease angiograms. The ICs then underwent an intensive training session with ACL technicians, after which the SYNTAX score from 50 additional angiograms were assessed independently by both groups. Interobserver Fleiss statistic values were determined. A third assessment was performed using quantitative coronary angiography (QCA). The ACL technician interobserver strength of agreement from both periods was substantial or greater (kϭ0.82; 95% CI [0.72, 1.00] and 0.84 [0.76, 1.00]) and not different than QCA. The IC interobserver agreement was initially estimated to be at least slight (kϭ0.33 [0.18, 0.44]), improving to substantial or greater after advanced training (kϭ0.76 [0.64, 1.00]). Despite advanced training, ICs underscored the number of lesions, bifurcations, and small-vessel disease (PϽ0.001), resulting in a lower score than ACL technicians (mean differenceϭ7.5, PϽ0.001). Conclusions-Highly reproducible SYNTAX score measurements were quickly achieved by experienced ACL technicians. In contrast, agreement among ICs after the basic tutorial was initially poor but improved considerably after further training with the ACL, although differences still remained in interpretation of several lesion types. These findings have important implications for adoption of SYNTAX score methodology in routine practice and future clinical trials. (Circ Cardiovasc Interv. 2011;4:553-561.)
A ccurate characterization of coronary disease anatomy based on the diagnostic angiogram is essential to select the optimal strategy of revascularization. Recently, the Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery (SYNTAX) score has generated a great amount of interest because of its capacity to risk stratify and discriminate outcomes of patients with complex coronary disease undergoing percutaneous coronary intervention (PCI) compared with coronary artery bypass graft surgery (CABG). 1, 2 This score has recently been validated in different cohorts of patients undergoing PCI [3] [4] [5] and for different subsets of lesions. 6, 7 However, assessment of the SYNTAX score relies on visual interpretation of lesion severity by clinical operators, which for even simple measures may be variable and often inaccurate. 8 Although some studies have reported acceptable reproducibility of the SYNTAX score determined by angiographic core laboratory (ACL) technicians, 9 whether the SYNTAX score is sufficiently reproducible to be reliably applied by interventional cardiologists (ICs) in clinical practice is unknown. We therefore sought to investigate the intraobserver and interobserver variability of the SYNTAX score among ICs and ACL technicians, all of whom were naive to the SYNTAX score.
Methods

Study Description
After basic training from the SYNTAX score website (www. syntaxscore.com), 3 ICs (mean, 7.5 years of experience) and 4 ACL
WHAT IS KNOWN
• The SYNTAX score is a powerful and wellestablished angiographic score that is used to risk stratify patients with complex coronary artery disease undergoing revascularization. • Although there is an online tutorial for physician training (www.syntaxscore.org), the reproducibility of the SYNTAX score may limit its applicability in day-to-day clinical practice.
WHAT THE STUDY ADDS
• The present report demonstrates the incremental value of advanced training beyond the currently recommended online tutorial. • Despite additional training, interventional cardiologists still tended to systematically underscore several components of the SYNTAX score, resulting in lower scores and risk stratification of patients which may affect treatment decisions.
technicians from the Cardiovascular Research Foundation (mean, 10 years of experience), all working independently, assessed by visual assessment only the SYNTAX score of 30 patients with multivessel disease who were randomly selected from the Cardiovascular Foundation database. After the first reading, ICs underwent a second extensive training session with the ACL team, consisting of a comprehensive 6 hours in-person review of discrepancies, issues, and pitfalls related to the previous 30 cases. The SYNTAX score from an additional 50 randomly selected patients was then determined independently by the 3 ICs and 4 ACL technicians and assessed for interobserver variability. After 12 weeks, the ICs performed a second reading of the same 50 cases to assess intraobserver variability.
SYNTAX Score Calculation
Each reader prospectively calculated the SYNTAX score by visually assessing all coronary lesions with a diameter stenosis Ն50% in vessels Ͼ1.5 mm diameter, using the SYNTAX score algorithm, which is described in full elsewhere 1, 9 and is available on the SYNTAX score website (www.syntaxscore.com). The investigators were completely blinded to the baseline characteristics, procedural data, and clinical and angiographic outcomes during the study. After all 80 cases were evaluated, standard quantitative coronary angiography (QCA) was performed by a 5th core laboratory technician (different from the 4 core laboratory technicians) who was experienced in SYNTAX score reading. The QCA analysis included assessment of stenosis severity of all lesions, vessel diameter, presence or absence of a bifurcation/trifurcation, and lesion length (CMS Medis QAngio XA, version 7.1.43.0), thereby generating a QCA-derived SYNTAX score. Data were entered into a dedicated standardized case report form and then transferred into a dedicated SAS version 8.02 software package (SAS Institute, Cary NC) for computation of the SYNTAX score. All analyses were performed by a statistician blinded to film review.
Interobserver and Intraobserver Variability
To assess interobserver variability in each group, the Fleiss statistic value for multiple readers (tertile partitioning) was determined after each set of reading using the Magree macro (SAS version 9.2, SAS Institute, Cary, NC). 10, 11 To assess intraobserver variability, the same 50 angiograms were reanalyzed by the same 3 ICs 12 weeks after the first analysis and a simple statistic value (tertile partitioning) was determined for each IC. Moreover, to assess interobserver and intraobserver variability on individual components of the SYNTAX score, Fleiss and simple statistics were also calculated for the total number of lesions, the presence of severe calcification, the length of lesion, the number of bifurcation/trifurcation lesions, the presence of small-vessel disease, and the presence of total occlusions. Table 1 shows the strength of agreement for various ranges of value as suggested by Landis and Koch. 12 This nomenclature will be used throughout this report. The mean SYNTAX scores were also compared between ICs, ACL technicians, and QCA measurements to assess systematic shift. The level of statistical significance was derived from generalized estimating equations to account for correlation between measurements taken within the same subject.
Results
The levels of agreement for both sets of angiograms and for both groups of readers are shown in Table 2 .00], respectively) for the global SYNTAX score ( Figure 1 ) and substantial or greater for all its components except for the evaluation of bifurcation/trifurcation lesions, lesion length, and small-vessel disease, where the level of agreement was at least moderate. The IC interobserver agreement for the first set of 30 angiograms after the basic tutorial was poor (at least slight but no more than moderate) for the global SYNTAX score ( (Table 3) .
Comparing the ACL group visual assessments with the QCA analysis, ICs underscored the number of lesions (PϽ0.001), bifurcations (PϽ0.001), and the presence of small-vessel disease (PϽ0.0001), resulting in a lower SYNTAX score (mean difference, [95% CI ]ϭ7.5 [5.5, 9.5] ; PϽ0.001) ( Table 4 .) Two typical examples of discrepancies seen between the IC visual interpretation and core laboratory analysis are shown in Figure 3 . In contrast, there were no statistically significant differences between the ACL technician visual assessment of the overall SYNTAX score or its components and the QCA analysis (Table 4 ). Table 5 shows the SYNTAX score interobserver variability before and after the advanced training session stratified by vessel analysis.
To determine the potential clinical implications of variability in SYNTAX score assessment, the proportion of patients classified in SYNTAX score tertiles (lowϭՅ22, intermedi-ateϭ23-32, and highϭՆ33) were compared between ICs and CL technicians before and after advanced training (Table 6) . After basic training, significantly more patients were stratified as low-risk by the ICs than the CL technicians, and fewer were stratified as high-risk. These differences persisted after advanced training. Table 7 shows the distribution of the SYNTAX score for each reader (ICs and ACL), according to the original SYNTAX score tertiles and the true tertiles (tertiles derived from the current cohort).
Discussion
The present study represents the first report examining the degree of variability of SYNTAX score assessment between "SYNTAX score naive" ICs, experienced technicians (also previously naive to the SYNTAX score), and QCA derived measures. The principal findings of the present analysis are (1) a very good degree of agreement (substantial or greater) was rapidly achieved by a group of experienced ACL technicians after initial review of the SYNTAX score website and did not further improve after a more advanced training session; (2) a poor degree of interobserver agreement (at least slight) was initially present among a group of ICs, which improved to at least a moderate degree of agreement after a more advanced training session (although still inferior to that achieved by the ACL technicians); and (3) ICs underscored several quantitative components of the SYNTAX score compared with the ACL technicians and the QCA analysis, leading to a significantly greater proportion of patients being stratified in a low-risk SYNTAX tertile by the ICs, both before and after advanced training.
The reproducibility of the SYNTAX score has been previously studied in 2 prior reports. In the first study, the SYNTAX score was calculated in 100 patients randomly selected from the SYNTAX trial, on 2 occasions 8 weeks apart, by 2 experienced ACL technicians. 9 The level of agreement between readers (interobserver variability) was moderate, with a value of 0.52 (tertile partitioning). The agreement between the 2 readings for each ACL technician (intraobserver variability) was also moderate, with a value of 0.61. In the second study, the SYNTAX score was calculated in 100 patients randomly selected from the SYNTAX trial, on 2 occasions 8 weeks apart, by a team of 3 ICs. 13 In this study, however, the angiograms were assessed by the 3 ICs together and the SYNTAX score was generated by consensus. The intraobserver level of agreement for the team (IC group first reading versus IC group second reading) was moderate, with a value of 0.51 (tertile partitioning).
Reading independently, the ACL technicians in the current study initially demonstrated a substantial or greater degree of agreement (ϭ0.82 ([0.72, 1.00]), which demonstrates that high SYNTAX score reproducibility can be rapidly achieved by a highly experienced ACL team. Furthermore, no significant differences were seen between the ACL SYNTAX score by visual assessment and QCA, reflecting the accuracy of the ACL technicians in coronary angiographic interpretation after years of experience.
Conversely, despite the completion of the recommended online tutorial (www.syntaxscore.com), the ICs (working individually) initially achieved a poor degree of interobserver agreement for the global SYNTAX score assessment (ϭ0.33 [0.18, 0.44]), with only at best a fair degree of agreement for the assessment of bifurcation/trifurcation lesions (ϭ0. 13 Of note, among the group of ICs, the initial interobserver variability tended to be greatest for the circumflex artery, intermediate for the left anterior descending artery, and lowest for the right coronary artery, with the greatest variability present in assessment of the number of lesions, small-vessel disease, and bifurcation/trifurcation lesions (Table 5). However, after an advanced training session, interobserver variability among the ICs improved in all 3 vessels such that there were no major between-vessel differences.
Several reasons may explain why the initial level of agreement among the "SYNTAX score naive ICs" was poor. First, the SYNTAX score is an elaborate instrument, constructed from 9 major variables, each with specific definitions. As mentioned in the online tutorial, knowledge of the definitions is vital to achieve reproducibility. A reliable test should provide good reproducibility when used by knowledgeable observers. However, as demonstrated in the present study, a learning curve exists, wherein accuracy in applying the scoring system improves after reading 30 to 50 cases when assisted by an experienced mentor (eg, an ACL technician). Second, in contrast to a previous study, 13 the SYNTAX score assessment in the current study was done individually by each IC, not by group consensus. The consensus of multiple specialists is a well-known method to increase reproducibility, allowing discrepancies between readers to be exposed and overcome. 14 How-ever, in clinical practice, SYNTAX score evaluations are usually made by individual physicians. The implementation of the "heart team" approach, consisting of a general cardiologist, IC and cardiac surgeon to evaluate patients and reach clinical decisions by consensus (including angiographic review), would therefore also improve accuracy of SYNTAX score assessment.
Further training, emphasizing areas of difficulty which ICs have when interpreting angiograms, may also enhance the precision of SYNTAX score determination. In the current study, the IC group underscored bifurcation/trifurcation lesions, small-vessel disease and the number of lesions, resulting in a significantly lower SYNTAX score (mean difference, 7.5) compared with the ACL group. This observation confirms similar findings by Serruys et al. 9 Specific training in these areas (perhaps added to the SYNTAX score website) would be expected to improve the accuracy of ICs.
Importantly, the systematic underscoring of several components of the SYNTAX score led to a substantial difference in the SYNTAX tertile classification between ICs and CL technicians, with a significantly greater proportion of patients graded by ICs falling into the low-risk SYNTAX tertile. Advanced training did not cure this disparity. This observation is clinically relevant as a greater percentage of patients might be considered appropriate for PCI versus CABG (according to currently accepted guidelines) after SYNTAX scoring by the ICs than the CL technicians. However, the utility of the SYNTAX score in risk-stratifying which patients have favorable PCI outcomes compared with CABG was identified on the basis of SYNTAX scoring by practicing physicians with minimal training, not by CL technicians. 15 Paradoxically then, adopting the higher CL technician scores might result in a bias toward surgical referral not supported by the results of the SYNTAX trial and other studies. Further studies are warranted to determine if the standard low-risk (Յ22), intermediate-risk (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) , and high-risk (Ն33) SYNTAX tertiles would need adjustment if physicians are trained to score more like CL technicians.
Several limitations of the present analysis should be discussed. This study was conducted on a relatively modest number of angiograms, and by only 7 readers, none of whom were cardiac surgeons. The cases were restricted to multivessel coronary artery disease; there probably would have been less variability had single vessel disease been included. The accuracy of ICs might have been better if only single-vessel disease was present. However, the mean SYNTAX score for both groups was lower than that from the original SYNTAX study, 9 which may have led to a higher level of agreement between readers than would have been seen with more complex cases. The average years of experience of the 3 ICs was 7.5 years; a more experienced group may have higher initial and final accuracy. ICs underwent an additional training of 6 hours with the core laboratory team. Although this is already substantially longer than clinicians train on the SYNTAX score in practice, it is possible that even longer training (Ͼ6 hours) would have improved further the level of agreement. Finally, the current SYNTAX score relies on visual assessment of the coronary anatomy. Marked interobserver and intraobserver variability from standard visual analysis of angiograms has been well described. 16, 17 The inherent inaccuracy of angiographic assessment in determining stenosis severity sufficient to induce ischemia has been reemphasized in recent studies with fractional flow reserve (FFR). 18, 19 Whether the SYNTAX score would be more prognostically useful if its determination is guided by FFR is an area of active investigation. At a minimum, an "FFR-SYNTAX score" would be expected to reduce interobserver variability. Further studies are warranted to determine QCA indicates quantitative coronary analysis; CI, confidence interval. There were no statistically significant differences between QCA analysis and core lab technician analysis.
Figure 3.
Case example of discrepancies seen between the interventional cardiologist's visual interpretation and quantitative coronary angiography (QCA) analysis. A, Intermediate lesion of the mid left anterior descending artery, which was visually assessed by the 3 interventional cardiologists to be insignificant (between 30% and 40%), whereas the QCA measure was 51%, indicating a significant lesion for inclusion in the SYNTAX score. Similarly, B shows an intermediate lesion of the proximal circumflex artery, which was visually assessed by the 3 interventional cardiologists to be insignificant (between 20% and 40%), whereas the QCA measure was 52%. The final SYNTAX score for this specific patient was 9 points higher by QCA compared with the interventional cardiologist's assessment.
whether interobserver variability can be further reduced by use of "on-line" QCA software and/or simultaneous consensus review of the angiogram by a group of cardiologists and cardiothoracic surgeons (the "Heart Team").
In conclusion, a substantial or greater degree of interobserver agreement in visual SYNTAX score assessment was rapidly achieved by experienced "SYNTAX score naive" ACL technicians. In contrast, a poor degree of interobserver agreement (at least slight) was at first achieved by "SYNTAX score naive" ICs after initial training on the SYNTAX website, although the level of agreement improved to at least moderate after an extensive training session with the ACL team. Of note, this level of agreement is consistent with that of many diagnostic tests in widespread use (Table 8) . Nonetheless, ICs systematically underscored several quantitative components of the SYNTAX score (even after extensive training), leading to significantly reduced SYNTAX scores compared with both ACL technicians and QCA. Intraobserver agreement among ICs was at least moderate, however, offering promise for the SYNTAX score to become a reliable clinical decision-making tool. Finally, although the precise training requirements to optimize the performance of ICs in using the SYNTAX score is unknown, the present study clearly demonstrates that training beyond the standard on-line tutorial is warranted if the full clinical potential of the SYNTAX score is to be realized. 
